Lipids, humic acids, and kerogens were isolated from Site 582 sediment cores. The amount of each organic fraction in the samples taken from 5.6 to 694 m sub-bottom is almost unrelated to depth of the sample. A study of the oxidation of organic matter by the alkaline KMnO 4 method reveals that distribution of polymethylene chain lengths of the kerogens and humic acids in the marine sediments differ from those in lacustrine sediments. The order of abundance of these chains in the sediments is: kerogens, 52-66% of total methylene chains; humic acids, 25-33%; and lipids, 8-16%. The results suggest that polyunsaturated fatty acids (>4 double bonds) may be important in the formation of polymethylene chains of kerogens and humic acids in marine sediments.
INTRODUCTION
Insoluble organic matter (kerogen) constitutes a major portion of all organic matter in sediments. Many degradation studies, such as oxidation studies (Philp and Yang, 1977; Machihara and Ishiwatari, 1981) and pyrolysis studies (Philp et al., 1978; Sklarew, 1979) , have shown the presence of polymethylene chains (-(CH 2 ) n -) in the kerogen structure. However, precursors and the formation process of polymethylene chains in kerogen are not well known. The study of the chemical structure and the source of the polymethylene chains in kerogens is important, because thermal degradation may transform these chains into aliphatic petroleum hydrocarbons (Welte, 1972; Tissot and Welte, 1978; Hunt, 1979) .
In a previous report , we examined lipids, humic acid, and kerogen in lacustrine sediment by the KMnO 4 oxidation method. Those results demonstrate that the molecular distribution of polymethylene chains (normal aliphatic α,w-dicarboxylic acids as major degradation products) are similar among the three fractions. This similarity indicates a common origin for the polymethylene chains of these three organic materials.
We report on the study of oxidation of three organic fractions (lipids, humic acid, and kerogen) from Site 582 samples, in order to compare the characteristics of these three organic materials from a marine sediment in terms of their polymethylene chains. Humic acid was included in this study, because some marine sediments contain these acids in relatively large amounts (Degens et al., 1964; Stuermer et al., 1978; Sato, 1980) .
METHODS

Sample Description
Sediment samples used in this study are muds (Cores 582-1 and 582B-3 to 582B-5O) or mudstones (Cores 582B-58 and 582B-68) of Quaternary age (Table 1) . Age at the base of Hole 582B (749.4 m) is approximately 0.65 Ma (Kagami et al., 1983) .
Separation of Lipids, Humic Acid, and Kerogen
A freeze-dried sediment sample (50-67 g) was ground to a fine powder and extracted with benzene-methanol (6:4) in a Soxhlet apparatus for 70 hr. to remove lipids. Sulfur was removed by adding copper to the boiling solution. A portion (approximately 30 g) of the sediment residue was subsequently extracted with a solution of 0.5 N NaOH (50 ml × 5) by ultrasonication (20 kHz; 60 minutes × 3) at approximately 50°C to remove humic and fulvic acids. The alkaline solution was filtered through a Whatman GF/C filter, acidified with 6 N HC1 to a pH of approximately 1 and centrifuged to obtain the humic acid. This acid was purified by dissolution in a 0.2 N solution of NaOH, filtered through a GF/C filter, acidified to a pH of approximately 1, and centrifuged. The resulting humic acid was rinsed with distilled water and freeze-dried. The residue from the alkaline extraction was treated with 46% HF/6 N HC1 (1:1) solution to decompose inorganic materials. The kerogen was concentrated from the inorganics by using heavy liquid (ZnCl 2 at specific gravity 2.0). The kerogen thus obtained was washed with distilled water and freeze-dried. Because the ash content of the kerogen was high (60-70%), it was further treated with 6 N HC1 at 95 °C for 10 hr. in order to decrease inorganic materials.
Alkaline Potassium Permanganate Oxidation
The methods of oxidation and extraction of degradation products are reported in detail elsewhere (see Machihara and Ishiwatari, 1983) . Briefly, a sample (2-20 mg) of lipids, humic acid, or kerogen was mixed with 10 ml of 2% KMnO 4 in 1 % KOH aqueous solution and allowed to react for 60 minutes at 60° C. The degradation products were extracted, silylated, and analyzed by gas chromatography (GC) or gas chromatography-mass spectrometry (GC-MS).
Instrumentation
GC analyses were carried out on a Hewlett-Packard 5840A gas chromatograph with a flame ionization detector. GC separations were performed using a Hewlett-Packard OV-1 fused silica capillary column (25 m long × 0.31 mm internal diameter). The column temperature was programmed from 90-280°C at 10°C/minute. Degradation products were quantified by measuring their peak heights or peak areas on the gas chromatograms. Standards are normal saturated monocarboxylic acids (C 9 , C 10> C 12 , C 14 , Ci 6 , C lg , C 20 , and C 22 ); normal saturated α,w-dicarboxylic acids (C 4 , C 6 , C 8 , and C 10 ); 2,2-dimethyl succinic acid; and benzenecarboxylic acids (benzoic, phthalic, and trimesic acids).
The degradation products were confirmed with a Hewlett-Packard 5985 gas chromatograph-mass spectrometer. The temperature and column conditions were the same as used for GC analyses. Helium was used as carrier gas. The mass spectrometer was operated at an electron energy of 70 eV, a separator temperature of 300°C, and an ion source temperature of 200° C.
CHN Analyses
Organic carbon in sediment samples and elemental analyses of lipids, humic acid, and kerogen were determined with a Yanagimoto CHN analyzer (Type MT-2).
Isotopic Measurements δ
13 C values were obtained using a Varian Mat 250 isotope mass spectrometer. PDB was used as the standard.
RESULTS AND DISCUSSION
The lipid contents of Cores 582-1 and 582B-3 are higher than those of deeper samples, whereas the humic acid and kerogen contents of the same cores are slightly low compared to those of deeper sediments (Table 1 ; Fig. 1 ). In the cores deeper than 130 m sub-bottom, the amounts of lipids, humic acid, and kerogen are practically constant: 2.8 to 4.1% for lipids, 12 to 14% for humic acids, and 42 to 50% for kerogens. Some of the total organic matter (36-49%) was not recovered; it probably consists of fulvic acids and low molecular weight compounds.
The H/C and O/C ratios for kerogens are lower than those for the humic acids (Table 2; Fig. 2 ). This distinction may arise from the different methods of separation of humic acid and of kerogen from the sediment sample; that is, humic acid is not treated with mineral acids, whereas kerogen is treated with 6 N HC1 for 10 hr. to diminish inorganic materials. For example, upon hydrolysis of kerogen from Lake Haruna sediment with 6 N HC1 (Machihara and Ishiwatari, 1980) , the ratios of H/ C and O/C decreased substantially: 1.17 to 0.81 and 0.44 to 0.38, respectively. Although a similar change may have occurred for the kerogens in this experiment, we have no data to ascertain this point, because the ash content of the kerogen is too high (60-70 wt.%) to obtain accurate evaluations of the hydrogen and oxygen contents. δ 13 C values of the three fractions change almost in parallel with depth except for a slight low value of the Core 582-1 lipids (Fig. 3) , indicating a common source for each. The δ 13 C for each organic fraction of the sample from Core 582B-68 is relatively high, suggesting that this sample has more organic matter from a marine source than do the other four sediment samples (Degens, 1969) . This pattern conforms with sedimentologic, biostratigraphic, and physical properties observations that identify Core 582B-54 as the border between Nankai Trough turbidites above and Shikoku Basin sediments below (site chapter, Site 582, this volume). Oxidative degradation products obtained from the three fractions are normal α,co-dicarboxylic acids, benzenecarboxylic acids, normal monocarboxylic acids, and 2,2-dimethyl succinic acid (Table 3) . These products are commonly observed in oxidation studies of organic matter (lipids, humic acid, and kerogen) in lacustrine sediments (Machihara and Ishiwatari, 1981; Machihara, 1981) . For Leg 87 samples, normal α,co-dicarboxylic acids of the lipids have peaks at C 4 , C 6 , and C 9 (Core 582-1, Fig. 4A ) or C 6 and C 9 (Cores 582B-10, 582B-22, and 582B-50), whereas those of the humic acids and kerogen show a maximum peak at C 4 ( Figs. 4B; 4C) . The distribution pattern of the benzenecarboxylic acids are almost the same among the three fractions.
A large portion of the α,ü>-dicarboxylic acids of the lipids may have been derived from unsaturated fatty acids or their alteration materials . We have observed that lipids extracted from algae (bluegreen and green algae and diatoms) generate C 4 -C 12 α,co-dicarboxylic acids (with a maximum peak at C 8 or C 9 ) by their KMnO 4 oxidation (Ishiwatari and Machihara, 1982) . We have also obtained large quantities of C 4 -C 9 α,α>-dicarboxylic acids with a maximum peak at C 8 or C 9 by oxidation of authentic standards such as Δ 9 -C 16:1 , Δ 9 -C 18:1 , Δ 9 ' 12 -C 18:2 , and Δ 9 > 12 > 15 -C 18:3 .
Interestingly, the distribution pattern of α,oo-dicarboxylic acids obtained from the kerogens (and humic acids) in these marine sediments is different from those in lacustrine sediments (Machihara and Ishiwatari, 1980, 1981) . In other words, α,to-dicarboxylic acids of the marine sediments have a maximum peak at C4 and decrease with increasing carbon numbers, whereas those of the lacustrine sediments show a maximum peak at C 8 . This contrast may be due to the difference of precursor mate- Table 3 . Yield of organic compounds produced by oxidation of each fraction (expressed as mg/g organic carbon).
Hole-CoreSection 582-1-4 582B-1O-2 582B-22-1 582B-50-2 Degradation products n-Cg ~ n-C26 monocarboxylic acids n-C4~n-Cj4 α.α>-dicarboxylic acids Benzenecarboxylic acids 2,2-dimethyl succinic acid Total n-Cg ~ n-C26 monocarboxylic acids n-C4~n-Ci4 α.α>-dicarboxylic acids Benzenecarboxylic acids 2,2-dimethyl succinic acid Total n-Cg ~ n-C26 nionocarboxylic acids n-C4~n-Cj4 α,ü)-dicarboxylic acids Benzenecarboxylic acids 2,2-dimethyl succinic acid Total n-Cg ~ n-C26 monocarboxylic acids n-C4~n-Ci4 α.α>-dicarboxylic acids Benzenecarboxylic acids 2,2-dimethyl succinic acid Total rials (i.e., unsaturated fatty acids). The composition of unsaturated fatty acids is remarkably different between fresh-water and seawater algae (Pohl et al., 1968; Jamieson and Reid, 1972 19 -^. Therefore, if we assume that polyunsaturated fatty acids (> 4 double bonds) have been incorporated in the kerogen and humic acids, then C 4 -C 7 α,α>-dicarboxylic acids should be produced from the oxidation of kerogen and humic acids; e.g., C 4 , C 5 , C 6 , and C 7 from 4 7 10 The distribution patterns of α,w-dicarboxylic acids between lipids and kerogen (or humic acid) differ from each other. In the case of the oxidation study of three organic fractions (lipids, humic acid, and kerogen) in a lacustrine sediment, such differences were not observed . This contrast may be interpreted in terms of the reactivity of unsaturated fatty acids with kerogen (or humic acid). Polyunsaturated fatty acids (>4 double bonds) may have reacted more easily with kerogen (humic acid) than unsaturated fatty acids (< 3 double bonds) and were incorporated in their matrices. On this assumption, lipids become richer in C 16:1 and C 18:12> 3 unsaturated fatty acids (or their alteration products), compared to kerogen (or humic acid). Thus, upon oxidation, lipids would generate α,co-dicarboxylic acids with a maximum at C 8 or C 9 . At present, however, this interpretation is speculative. Further study is needed to elucidate the high reactivity of polyunsaturated fatty acids (>4 double bonds) with kerogen and their incorporation into kerogen matrix.
In all of the oxidation products of the three fractions, 2,2-dimethyl succinic acid was detected. A precursor of this acid is probably carotenoid pigments (e.g., /3-carotene; Machihara and Ishiwatari, 1983) . Although small amounts of 2,2-dimethyl glutaric acid, which is also obtained by oxidation of ß-carotene, were detected, its yield was not measured in this experiment. Yield of 2,2-dimethyl succinic and glutaric acids produced from the oxidation of 0-carotene was 5.5 wt.% . Therefore, the content of ß-carotene in the lipids, humic acid, and kerogen in the sediments can be estimated approximately, assuming that 2,2-dimethyl succinic acid was derived from ß-carotene (or related compounds). The amount is calculated as 2.5 to 4.4% for the lipids, 2.5 to 2.9% for the humic acids, and 0.9 to 1.6% for the kerogens.
The amounts of polymethylene chains in the three organic fractions in the sediments were calculated (Table 4) using the quantified amounts of the three fractions (Table 1 ) and the yields of aliphatic acids produced by the oxidation of each fraction (Table 3 ). In this calculation, the yield of aliphatic acids from polymethylene chains by KMnO 4 oxidation was assumed to be the same for the three fractions. The order of abundance of these chains in the sediments is kerogen, 52-66% of total methylene chains; humic acid, 25-33%; and lipids, 8-16%. The distribution of polymethylene chains among the three fractions is almost unrelated to depth of the sample. CONCLUSIONS 1. The amounts of lipids, humic acids, and kerogens in sediment cores (5.6-694 m) were almost unrelated to depth of the samples. The order of amounts of these types of organic matter in the sediment is kerogens, 34-51% of total organic carbon; humic acids, 7.1-15.5%; and lipids, 2.4-7.0%.
2. δ 13 C values of the three fractions varied almost in parallel with depth. This uniformity indicates a common source for the lipids, humic acid, and kerogen in each sediment sample.
3. Oxidation study of the each fraction showed that the distribution pattern of polymethylene chain lengths differs between the lipids and kerogen (or humic acid). Thus, polyunsaturated fatty acids ( 4 double bonds) may play an important role in the formation of polymethylene chain structure in marine kerogen and humic acid.
4. A significant amount of carotenoid pigments may also be responsible for the polymethylene chain structure in kerogen and humic acid.
5. The polymethylene chains in the sediments are dominant in the kerogen fraction. The abundance was calculated to be 52 to 66% of total methylene chains in the sediments.
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